Studies on the active site of rat glutathione S-transferase isoenzyme 4-4. Chemical modification by tetrachloro-1,4-benzoquinone and its glutathione conjugate.
The active site of glutathione S-transferase isoenzyme 4-4, purified from rat liver, was studied by chemical modification. Tetrachloro-1,4-benzoquinone, a compound previously shown to inactivate glutathione S-transferases very efficiently by covalent binding in or close to the active site, completely prevented the alkylation of the enzyme by iodoacetamide, indicating that the reaction had taken place with cysteine residues. Both from radioactive labeling and spectral quantification experiments, evidence was obtained for the covalent binding of three benzoquinone molecules per subunit, i.e. equivalent to the number of cysteine residues present. This threefold binding was achieved with a fourfold molar excess of the benzoquinone, illustrating the high reactivity of this compound. Comparison of the number of amino acid residues modified by tetrachloro-1,4-benzoquinone with the decrease of catalytic activity revealed an almost complete inhibition after modification of one cysteine residue. Chemical modification studies with diethylpyrocarbonate indicated that all four histidine residues of the subunit are ethoxyformylated in an at least partially sequential manner. Modification of the second histidine residue resulted in complete loss of catalytic activity. Preincubation of the transferase with the glutathione conjugate of tetrachloro-1,4-benzoquinone resulted in 78% protection against this modification. However, glutathione itself hardly protected against the reaction with diethylpyrocarbonate. The intrinsic fluorescence properties of the enzyme were affected by covalent binding of tetrachloro-1,4-benzoquinone. The concentration dependency of the fluorescence quenching is strongly correlated with the inactivation of the enzyme, indicating that covalent binding of the benzoquinone occurs in the vicinity of at least one tryptophan residue. Finally, the binding of bilirubin, as measured by means of circular dichroism, was inhibited by preincubation of the enzyme with tetrachloro-1,4-benzoquinone in a manner which strongly correlated with the loss of enzymatic activity, the protection against inactivation by diethylpyrocarbonate, and the fluorescence quenching. All processes showed a 70-80% decrease after incubation of the enzyme with an equimolar amount of the benzoquinone. Thus, evidence is presented for the presence of a cysteine, a histidine and a tryptophan residue in, or in the vicinity of, the active site of the glutathione S-transferase 4 subunit.